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The present invention relates to the manufacture 
of nuclear fuel rods and particularly to the production 
of the Zircaloy cladding or tubing utilized in nuclear 
fuel rods. 

Background of the Invention 

In the production of Zircaloy cladding tubes for 
nuclear fuel rods, Zircaloy tube stock having an outer 
diameter (OD) of, for example, 2.5 inches, is cold 
worked by numerous passes in a piiger mill down to 
an OD on the order of 0.5 inches with a wall thickness 
of, for example, 0.025 inches. Of course, these di- 
mensions will vary depending on the particular fuel 
rod design in production. The finished tube must meet 
strict dimensional specifications and be essentially 
defect-free. Of particular concern are defects on the 
inner surface of a finished tube due to the presence 
of an extremely thin pure zirconium liner. If this previ- 
ously applied uniform liner is disrupted during the pil- 
gering process, any buildups of the soft zirconium are 
worked into the tube wall cross section, resulting in 
rejectable defects which are discovered during ultra- 
sonic inspection. These defective tubes must then be 
scrapped, resulting in lost labor, material and through- 
put. 

Summary of the Invention 

It is accordingly an objective of the present inven- 
tion to reduce or minimize the instances of defects on 
the inner surface of Zircaloy tubing incurred during 
piiger milling of a tube down to nuclear fuel cladding 
dimensions. In achieving this objective, Applicant has 
discovered that the inner surface defects are largely 
created during the tube loading stage when the Zir- 
caloy tube stock is inserted on the mandrel rod as- 
sembly preparatory to the final pilgering pass. Any 
metal burrs on the surface of the mandrel rod assem- 
bly will inflict scratches in the soft zirconium liner as 
the tube inner surface slides over the mandrel as- 
sembly during loading. The burrs disrupt the liner uni- 
formity and cause a buildup of zirconium at the tail 
ends of scratches inflicted by the burrs. The zirconi- 
um buildups are then worked into the tube wall during 
the pilgering process and result in defects destroying 
the efficacy of the finished tube as nuclear fuel clad- 
ding. 

To solve this defect problem in accordance with 
the present invention, a sleeve is inserted over the 
mandrel rod assembly prior to loading the Zircaloy 
tube on the mandrel. The sleeve, formed of a suitable 
material such as acrylonitrile butadiene styrene 
(ABS) plastic, serves as a protective barrier between 
the mandrel surface and the inner surface of the Zir- 
caloy tube. The smooth outer surface of the sleeve 
preserves the zirconium liner integrity as the Zircaloy 
tube slides over the sleeve incident to loading, and as 



the sleeve is subsequently removed preparatory to 
pilgering, with the result that inner surface defects in 
the finished cladding tubes are dramatically reduced. 
The present invention is more particularly set 
5 forth in claims 1 and 8. 

Brief Description of the Drawing 

For a full understanding of the nature and objec- 
w tive of the present invention, reference may be had to 
the accompanying drawing, in which the sole figure 
is a longitudinal sectional view of a piiger mill mandrel 
assembly adapted with the loading sleeve of the 
present invention. 
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Detailed Description 

Referring to the drawing, a pair of counter rotat- 
ing forming rolls or d ies 1 0 of a piiger mill are mounted 

20 by conventional means (not shown) for oscillatory ax- 
ial motion relative to a tapered mandrel 12 of a man- 
drel assembly. The mandrel is affixed to one end of 
a mandrel rod 14, whose other end is terminated by 
a tail piece 16. The mandrel assembly, which may be 

25 in excess of thirty feet in length, is cantilever mounted 
by a conventional chuck (not shown), which grips the 
tail piece. A Zircaloy tube stock 18 is loaded onto the 
mandrel assembly and is gripped by a conventional 
holder (not shown), which acts to pass the Zircaloy 

30 tube through the dies in increments of axial and rota- 
. tional motion. 

In accordance with the present invention, to pro- 
tect the delicate zirconium liner on the inner surface 
of the Zircaloy tube during the loading step, an elon- 

35 gated loading sleeve 20 is first inserted onto the man- 
drel assembly in close f itting relation. Preferably, one 
end 20a of the sleeve is cone-shaped to conform with 
the conical termination of tail piece 16 to establish a 
right ward-most position of the sleeve on the mandrel 

40 assembly. The Zircaloy tube is then inserted onto the 
mandrel assembly over the sleeve in close fitting re- 
lation. The inner surface of the tube thus slides over 
the outer surface of the sleeve as the tube is inserted 
from left to right into a loaded position. Sleeve 20 is 

45 then slid out leftward from between the tube and the 
mandrel assembly. Once the sleeve is removed, the 
tail piece of the mandrel assembly is gripped by the 
mandrel chuck, and the Zircaloy tube is gripped by its 
holder to prepare the piiger mill for operation to re- 

so duce the Zircaloy tube down to nuclear fuel cladding 
tube dimensions. 

Sleeve 20 must of course possess a smooth out- 
er surface to avoid scratching the zirconium inner 
liner during relative sliding motion incident to loading 

55 the tube and removal of the sleeve. To accommodate 
handling, the sleeve should also have sufficient 
strength to remain rigid despite its considerable 
length, e.g., fifteen feet, and thin wall thickness, e.g., 



2 



3 



EP 0 557 040 A1 



4 



on the order of 0.020 inches. Acrylonitrile butadiene 
styrene (ABS) plastic has been found to be an emi- 
nently suitable sleeve material. However, other high 
strength plastics having the requisite structural attri- 
butes are also applicable as sleeve materials. The in- 
ner and outer diameters of the sleeve are of course 
determined by the cladding tube size to be produced. 
However, to facilitate application and removal, the 
sleeve should have an inner diameter in the range of 
5-10 mils greater than the outer diameter of the man- 
drel rod and an outer diameter in the same 5 - 10 mil 
range less than the inner diameter of the Zircaloy 
tube. 

Claims 

1. In a pilger mill for reducing Zircaloy tube stock 
down to nuclear fuel cladding tube dimensions, 
an elongated loading sleeve 20 having an inner 
diameter such as to permit insertion of said 
sleeve over a mandrel assembly (14) of the pilger 
mill in close fitting relation and an outer diameter 
such as to permit insertion of a Zircaloy tube (18) 
over said sleeve in close fitting relation, said 
sleeve providing a barrier protecting the inner 
surface of the Zircaloy tube during loading there- 
of onto the mandrel assembly preparatory to pil- 
gering, said sleeve then being removed prior to 
reduction of the loaded Zircaloy tube down to 
cladding tube dimensions. 

2. The loading sleeve defined in Claim 1, wherein 
the wall thickness thereof is on the order of 0.020 
inches. 

3. The loading sleeve defined in Claim 1 , wherein a 
terminal portion (20a) of said sleeve has a re- 
duced diameter for engagement with a termina- 
tion of the mandrel assembly to establish a load- 
ing position for said sleeve. 

4. The loading sleeve defined in Claim 1 wherein 
said sleeve is formed of a high strength plastic. 

5. The loading sleeve defined in Claim 4, wherein 
said sleeve is formed of ABS plastic. 

6. The loading sleeve defined in Claim 5, wherein 
the wall thickness thereof is on the order of 0.020 
inches. 



8. A method for loading a Zircaloy tube onto a man- 
drel (14) of a pilger mill preparatory to reducing 
the Zircaloy tube down to nuclear fuel cladding 
tube dimensions, said method comprising the 

5 steps of 

A. inserting an elongated sleeve 20 onto the 
mandrel; 

B. inserting a Zircaloy tube (18) onto the 
sleeve; and 

10 C. removing the sleeve, leaving the Zircaloy 

tube loaded on the mandrel for reduction by 
forming rolls (10) of the pilger mill. 

9. The method of Claim 8, wherein said sleeve is 
15 comprised of a high strength plastic. 

10. The method defined in Claim 9, wherein said 
sleeve is comprised of ABS plastic. 

20 11. The method defined in Claim 10, wherein said 
sleeve has a wall thickness on the order of 0.020 
inches. 



7. The loading sleeve defined in Claim 6, wherein a 
terminal portion of said sleeve has a reduced di- 
ameter for engagement with a termination of the 55 
mandrel assembly to establish a loading position 
for said sleeve. 
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